Arginine is the predominant free amino acid in the cotyledons of developing seeds of Pisum sativum L. cv Marzia. Breakdown of arginine was measured by injecting L-Iguanido-4Cjarginine into detached cotyledons. Cotyledons ofdeveloping seeds showed a low rate of 'C02 evolution whereas a much higher rate of '4("2 evolution was measured from cotyledons of seeds 4 days after the onset of germination. Arginine is an important N-storage compound in many higher plants. In developing pea seeds (4) and cotton seeds (5), arginine formation is considered to be located in the cotyledons themselves.
were measured throughout development and germination. Argina and ornithine aminotransferase were present at an early stage of development. Urease activity appeared later as the seeds started to desiccate. During germination, all three enzymes were present. The different course of activity of these enzymes indicates that they are controlled separately.
To explain the simultaneous presence of arginine and arginase without arginine degradation in the cotyledons of developing seeds, we propose a different intracellular localization of substrate and enzyme. In cotyledons of germinating pea seeds, urease has an enzymic function in arginine degradation.
Arginine is an important N-storage compound in many higher plants. In developing pea seeds (4) and cotton seeds (5) , arginine formation is considered to be located in the cotyledons themselves.
The first steps of arginine degradation are catalyzed by arginase, OAT2, and urease yielding C02, NH3, and GSA. This pathway appears to be related to the transfer ofarginine-nitrogen to other amino acids and amides (18, 27) .
The enzymes for arginine degradation and the concomitant synthesis of glutamine and asparagine has been demonstrated in cotyledons ofgerminating cotton seeds (5) . Results from labelingexperiments with pumpkin seedlings indicate degradation of arginine in the cotyledons. Arginine-carbon is principally respired, whereas arginine-nitrogen may be transported to the axis tissue (24) . Arginase and urease activities have been demonstrated in germinating seeds of several species and in cotyledons of developing seeds (4, 5, 12, 20) . It is unknown whether the presence of arginase in developing cotton seeds (5) and urease in developing soybeans (20) A powder sample equivalent to 10 cotyledons was extracted with 80% (v/v) ethanol. After removal of ethanol by rotationevaporation, water was added to the residue to a final volume of 50 ml. Four ml of this extract was then shaken'with 4 ml CHC13 and centrifuged 10 min at 1000g. The water phase was carefully removed. Proteins in the water phase were precipitated by adding 1 ml of 10% (w/v) sulfosalicylic acid. The supematant obtained after precipitation was called the amino acid fraction. Arginine was determined by using an amino acid autoanalyzer (Biotronic LC 6000 E).
Urea. Urea in the amino acid fraction was measured colorimetrically with diacetyl monoxime and thiosemicarbazide (21 (28) in the diluted (200 x) hydrolysate. The results concurred with determinations using an amino acid autoanalyzer.
Nitrogen. The nitrogen content ofthe cotyledons, the extracted proteins, and the amino acid fractions were determined by using an elemental analyzer (Carlo Erba, model 1106).
Labeling Injected cotyledons were placed in closed, dark vessels (vol-ume, 80 ml). Air was passed through a saturated Ba(OH)2 solution and then through 0.1 M K-phosphate (pH 6.7) at 25°C to remove CO2 and prevent desiccation of the tissue. The flow rate of the air was 3 1/h. 4CO2 was trapped in scintillation vials filled with 6 ml 200 mm hydroxide of hyamine in methanol. After adding 8 ml Lumagel (colloidal scintillator based on xylene from Lumac Systems A. G., Basel, Switzerland), radioactivity was measured using a liquid scintillation counter. Extraction of Enzymes. Arginase and Ornithine Aminotransferase. About 6 g of cotyledons were ground with a pestle in a mortar with 2 to 4 g sand and 14 ml extraction medium. Cotyledons of air-dry seeds were pulverized with a Multimex grinder. The extraction medium contained 50 mM N-morpholinopropanesulfonic acid (pH 7.4) and 5 mM ,B-mercaptoethanol. After passing the crude extract through a Perlon screen (mesh width, 45 gm), 10% (v/v) Triton-X-100 was added to a final concentration of 0.5% (v/v). After stirring 5 min, the extract was centrifuged at 20,000g for 7 min. Five ml of the supernatant was passed through a Sephadex G-25 column (2.6 x 15 cm) equilibrated with extraction medium. Protein-containing fractions of the eluate were collected and used for assay of arginase and OAT activity.
Urease. EDTA was added to the extraction medium to a final concentration of 2 mm. The crude extract, prepared as for arginase and OAT, was centrifuged at 20,000g for 7 min. The supernatant was used for a two step acetone precipitation. The 15 to 60% (v/v) precipitate was resuspended in about 5 ml extraction medium and used as enzyme preparation for assay of urease activity. All steps of the extractions were carried out at 40C.
Enzyme assays. All enzyme activities were assayed at 25°C. Arginase. Enzyme preparation was activated and incubated as previously described (4, 12) . The activity was measured as the rate ofornithine production by colorimetrically (22) determining the omithine formed.
OrnithineAminotransferase. Composition of reaction mixture was according to Lu and Mazelis (14) . The reaction was stopped by adding 0.8 ml of 17.5% (v/v) HCI04. Activity was measured as the rate of GSA formation by colorimetrically (8) determining the pyrroline-5-carboxylate formed. Pyrroline-5-carboxylate was assayed by adding 0.2 ml orthoaminobenzaldehyde to the deproteinized supernatant. The reagent was freshly prepared by dissolving 50 mg orthoaminobenzaldehyde in 0.5 ml ethanol (96% v/v) and then adding water to a final volume of 10 ml. After 1 h at 30°C, theA at 430 nm was measured. The amount ofpyrroline-5-carboxylate was calculated using a molar absorption coefficient of 2300 M-' cm-'.
Urease. The reaction mixture contained 100 mM Tris-HCl (pH 8.5), 50 mM urea, and 0.5 ml enzyme preparation in a final volume of2 ml. Urea solution was freshly prepared. The reaction was stopped by adding 0.3 ml TCA (30%, w/v). After protein precipitation, the pH of the supematant was adjusted to 7.0 by adding a solution containing 0.3 M Tris and 2 M NaOH. Activity was measured as the rate of NH3 production by enzymic determination of NH4' formed. Reaction mixture for NH4+-assay contained 100 mm K-phosphate (pH 7.0), 4 Arginine is the predominant free amino acid in pea cotyledons, accounting for 66.4% of all nitrogen in the amino acid pool of young cotyledons (Table I ). This agrees with qualitative measurements in developing seeds (16) . Presence of other nitrogenous compounds was investigated by measuring the total nitrogen content of the analyzed fraction. This nitrogen content did not differ significantly from the total nitrogen of the amino acids. Thus, no other important N-storage compounds were present in the analyzed amino acid fraction.
The amount of free arginine reaches a maximum when nearly all liquid endosperm has disappeared (Fig. 1) . From about day 26 until day 38, the amount of free arginine decreases to about 3.0 Mtmol whereas the amount of protein arginine increases to about 4.7 ;tmol. This indicates a further synthesis of arginine during this period. The enzymes for arginine synthesis in this tissue have been described previously (4) .
During germination, the contribution of arginine to the amino acid pool decreases as the amounts of other amino acids, mainly asparagine, glutamine, and homoserine increase (analysis not shown). The amount of protein starts to decline strongly 4 d after germination.
The total amount of arginine declines at a rate of 0.9 nmol min-' cotyledon-' during the 4th d of germination.
Urea. The urea content of young cotyledons (relative water content, 67.7%), cotyledons of air-dry seeds, and cotyledons after 4 d germination was 0.07, 0.00, and 0. 1 smol/cotyledon. The first two values indicate that urea does not accumulate during development.
Labeling Experiments. Cotyledons of seeds after 4 d germination were used to study the degradation ofinjected L-[guanido-'4C]arginine via the arginase-urease pathway. Cotyledons with a relative water content of 65 to 67% were used to study arginine degradation in developing seeds, since they showed a high arginase activity and contained much free arginine. With both samples, an almost linear increase was reached after a lag-phase of about 1 h (Fig. 2) . Cotyledons of developing seeds show a much lower rate of 14C02 evolution than those of germinating seeds.
To determine whether the injected L-['4C]arginine had entered the cells, the leakage of labeled arginine was measured. At regular intervals, the cotyledons were transferred to 5 ml medium containing 10 mm Mes (pH 5.5) and 200 mm sucrose. After 15 min at 25°C under shaking, the radioactivity of the medium was measured. About 1 to 15% of the injected label was recovered. This indicates entry ofarginine into the cells assuming that efflux from the apoplast has been completed within 15 min.
In germinating seeds, the breakdown of arginine via the arginase-urease pathway can be estimated from the rate of 14C02 evolution, taken in the period from 60 to 180 min. This calcu- lation results in a rate of 3.5 nmol min-' cotyledon-'. This is about four times higher than the rate obtained after measuring the decline of the total amount of arginine. Therefore, it can be concluded that the injected L-['4C]arginine is probably not ideally diluted with the cellular free arginine.
Enzymes. Enzyme activities were measured in desalted extracts (arginase and OAT) or in an acetone-precipitate (urease). Arginase is unlike earlier measurements (4) present throughout development and germination (Fig. 3) . Then it was observed, that the arginase activity decreased after reaching a maximum value during development and rapidly increased during the 1st d of germination. Crude mitochondrial pellets were then used to measure the arginase activity. The 'lost' activity was partly recovered in the supernatant, demonstrated by using the more sensitive ornithine assay instead of the previously used urea determination (4 (Fig. 3) . Inasmuch as this developmental stage is marked by extensive amino acid metabolism, it can be concluded that the arginase-urease pathway has hardly any significance during normal seed development. Arginase is probably inoperative during development as urea accumulation could not be detected and other urea assimilation pathways are unknown hitherto. The presence of arginine and arginase without degradation of arginine requires intracellular regulation. This regulation may be achieved by different intracellular localization of substrate and enzyme, association of arginine with anionic compounds (10) or enzyme inhibition.
In mycelia of Neurospora crassa with a large pool of arginine and cytosolic arginase (6, 7), arginine degradation was not observed when these mycelia were grown in minimal medium (2) . This is made possible by vacuolar compartmentation of arginine and not by arginase inhibition (6, 7) . In higher plants, arginase is a mitochondrial enzyme (12, 26) and most arginine is located in the vacuole (29) . Therefore, the regulation in developing pea cotyledons may be achieved by different localization of substrate and enzyme.
Arginase and OAT appear simultaneously during seed development. Induction of these enzymes by arginine has been demonstrated in Saccharomyces cerevisiae (17) . Induction ofarginase by arginine has also been demonstrated in roots of barley (18) . In contrast to the course of arginase activity, the OAT activity declines during further development (Fig. 3) . No other data of this enzyme during seed development are known up to date. It has been suggested (27) that OAT is not involved in proline synthesis under anabolic conditions. Therefore, the physiological function of this enzyme in developing seeds is not clear. The sharp peak of activity, demonstrated for germinating pea seeds was also observed in cotyledons of pumpkin seedlings (25) and Bengal seedlings (9) .
Urease activity was detected at a later developmental stage. This stage is marked by an increasing water loss and absence of protein synthesis (Fig. 1 ). An increasing urease activity resulting in high activity in mature seeds was also observed in urease-rich seeds, such as soybeans (1 1, 20) and Jack beans (23) . In contrast to pea seeds, a rapidly increasing activity after the, onset of germination was not observed (I 1, 23) . The physiological significance of urease in these seeds is still the subject of investigation (19, 20) . The in vivo breakdown of L-['4C]arginine and the rapidly increasing urease activity during germination indicate that urease has an enzymic function in arginine degradation of germinating pea seeds.
The relative high activities of arginase, OAT, and urease and the breakdown of L-["4C]arginine indicate rather extensive conversion of arginine in the cotyledons of germinating pea seeds. This resembles the situation in pumpkin cotyledons (24) . The investigated enzymes show a different course of activity during development and germination. Therefore, the suggestion can be made that these enzymes are separately controlled.
However, enzymes involved in arginine biosynthesis show a similar course ofactivity: maximum activity during development and low activity during germination (4) .
